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INCLUDING SCME EFFECTS OF WING-TIP STORES

By Donald R. Riley
SUMMARY

An investigation has been made in the Langley stability tunnel o
determine the combined effect of wing and wing-body interference on the
contribution of an X-tail coniliguration to the low-speed rolling-
stebility derivatives of an eirplane model having an unswept midwing
end to indicate the change due to roll in the local flow angularity at
a number of ststions scross the tell surfaces for one-hzlf of the X-talil.

The results of the investigation indicated that =dding the wing or
the wing with tip stores to the fuselage-tail combination reduced the
x-tail contribution to the damping in roll to sbout one-third of the
avalilable wing-off value for angles of attack of the model less than 10°.
The air-flow angularility messurements mede in the region of the tail for
the wing-on configurations in steady roll at zero engle of attack indi-
cated that the outboard half of each of the two surfaces surveyed pro-
duced damping in roll. For the inboard half of each of these surfaces,
however, the angularity due to roll was such as to produce moments in
the direction of roll. The two tail surfaces investigated were the
upper right and the lower left when the model is viewed from the rear.
Tncreasing the angle of attack shifted the spanwise location for the
reversal in losd due to roll in a direction outboard for the surface
ebove the fuselage and inboard for the suriace below the fuselage.

INTRODUCTION

Several investigatlions, such as references 1 and 2, have pointed out
that for an airplane in steady roll the effect of wing interference at
the vertical teil provides important chenges in some of the rotary
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stabllity derivatives, particuiarly for the yswing moment due to roll.
These chenges in the derivatives due to wing interference are the result
of sidewash at the verticel tail that 1s caused by the antisymmetrical
wing loading due to roll. Some work on missile configuretions (refs. 3
end 4) has shown thet the tail contribution to the damping in roll can
be reduced as a result of adding a wing to a body-tail combination. Sim-
ller interference effects can be expected to occur on some present-day
airplane designs thet use unconventional arrangements of tail surfaces
suck as, for example, the V-tail and the X-tail. These interference
effects are of especlial interest for those airplanes having tail spans
and tell areas that are large in comparison with those of the wing. For
such configurations, a division of the loed due to roll between the wing
and tail would also be desirable for structural design purposes.

The present low-speed investigation was made to determire the com-
bined effect of wing and wing-body interference on the teil contribution
of an X-tailed airplsne configuration in steady roll and to provide meas-
urerents of the change in the locel flow angularity due to roll at a num-
ber of stations across the tail surfaces for one-half of the xX-taill. The
present investigation, in addition, includes the effect of adding exter-
nal stores to the wing tips.

SYMBOLS

The force and moment data presented herein ere in the form of stand-
ard coefficients which are referred to the stability system of axes with
the origin located on the fuselage center line at the longitudinal posi-
tion of the quarter chord of the wing mean aerodynamic chord. The posi-
tive directions of the force and moment coefficients, angles, and angu-
lar velocities are shown in figure 1. The coefficients and symbols are
defined as follows:

cL 1ift coefficient, LiIt
Gow
c drag coefficlent, — oo
ag iclen
D ’ qSW
Cy lsteral-force coefficient, Isteral force
¥ as,;
CZ rolling-moment coefficient, Rolling moment
aS,by
c pitching-moment coefficlent, wLitChilg moment
m aSwCw
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Yawing moment

aSyby

yawing-moment coefficient,

x

o
i

dyneamic pressure,

free-stream velocity

mass density of sir

aspect ratio, b2/S

span, measured perpendicular to fuselage center line

plan-form ares

chord, measured parallel to fuselsge center line (see fig. 3)
b/2

meen serodynesmic chord, %k/; cldy

spanwise coordinste measured perpendicular to fuselage center
line

tall length, distance from quarter chord of wing mean serodynsmic
chord to quarter chord of tail mean aerodynsmic chord measured
perallel to fuselage center line

angle of attack of fuselage center line, deg

Jocel angle of ettack of tail or locsl air-flow angle relative
to tail chord at any spanwise station of teil meassured in a
plane perpendiculer to surface, positive vhen producing posi-
tive 1lift on tail, radians

rolling angular velocity

wing-tip helix angle, rsdians

flow angularity derivative or raie of change of local angle of
attack at station on tail with wing-tip helix angle
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ac,

S .
a POy
2V
Subscripts:
W refers to wing
t refers to tail

The test configurations and the designations used in identifying
the data on the figures are as follows:

F fuselage

F+T fuselage with X-tail

Wet+TF wing with fuselage

W+ F4 S wing with fuselage and tip stores
W+ F +T wing with fuselage and xX-tail

W+ F+8 + 7T wing with fuselage, tip siores, and X-tall

APPARATUS AND MODEL

The tests were made in the 6-foot-dismeter rolling-flow test section
of the Langley stability tumnel. This test section is equipped with a
motor-driven rotor located upstream of the model. When in operetion,
the rotor irparts a twist to the airstream such that a model mounted
rigidly at the test location is in a field of flow similar to that which
exists gbout ar airplene in flight rolling about its longitudinal sta-
bility axis. (See ref. 5.)
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The model used in the vpresent investigation was designed to permit
tests of the fuselage slone and In combination with the wing, the X-tail,
or both. For the wing-on configuration, the model was tested with and
without external stores mounted at the wing tips. A drawing of the com-
plete model is presented as figure 2. A list of the geometrlc character-
istics of the various component parts is given in table I. Details of
the wing and tail profiles and e table of ordinstes for the fuselage is
presented as figure 3, A photograph of the complete model mounted in the
tunnel is presented as figure k4.

For the tests the model was mounted on a single support strut which
wes shielded by a fairing of eclrecular cross section. The forces and
moments exerted on the model were measutred by means of a six-component
eleciromechanical balance. The flow angles in the region of the tall
were measured by means of a 3/16-inch—diameter pitot-static yaw head
tube which was mounted from the fuselage base. The pressure leszds were
pernitted to trail downstream with the wind for a distance of about one

wing spen and were then brought through a 1%-inch—diameter pipe spanning

the tunnel jet.

Flow-zngle measurements were obtained for only two of the four
exposed tail surfaces. These two surfaces were the lower left and upper
right vhen the model is viewed from the rear and have been designated
herein as surfaces A and B, respectively. The measurements were made,
of course, with the X-tail removed. At each spanwise test station, the
axis of the yaw-head tube was alined with the tail chord and the orifices
were oriented so that flow-angle measurements were obtained in a plane
parallel to the fuselage center line and perpendicular to the tail-chord
plane.

TESTS

The tests were made st & dynamic pressure of 39.7 pounds per sguare
foot which corresponds to a Mach number of sbout 0.166 and a Reynolds

number, based on the wing mean serodynamic chord, of 1.1l X 106.

The fuselage slone and with the wing, X-tail, and tip-stores in var-
ious combinations wss tested through an angle-of-attack range from -L4O
to 24° in straight flow and from -4L° to 20° in rolling flow. All} tests
vere made at an angle of sideslip of O°. For the streight-Tlow tests

(g%ﬁ = 0], the 1lift, drag, and pitching moments were measured. The data

pby

T were used to obtein

obtained in rolling flow =t several values of
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the latersl-force, yawing-moment, and rolling-moment derivatives with

-bT
respect to wing-tip helix angle. The test values of Pou were 10.0137,

2v
+0.027k, and #0.0412.

by N .
Tor these values of 2% and for a value of zerc, the local angles

of szttack of the tall were measured by means of a yaw head tube. Date
were recorded at 16 spenwise stetions for one-half of the X~tail through
en angle-of-attack range from -4° to 16° in increments of 2°. The spen-
wise stations corresporded to values of y from 3 to 10 inches at l-inch
intervals for both surfece A and surface B. The measured values of ay

were plotted asgainst wing-tip helix angle and values for the derivative
da

b,
3 B
2V
of gttack of the model.

were obtained for each of the 16 spanwise stations for each angle

CORRLCTIONS

The angle of atteck end the coefficients of drag, pitching moment,
and roliling moment heve been corrected for tunnel wall effects. The
data are not corrected for blocking or support-strut interference since
previous experience indicated these corrections to be smell. In addi-
tion, no corrections were apolied to the silrsiream angularity measure-
ments &t the tail to account for tunmnel wall effects on the wing wake
since it was felt thet this effect on the flow-angularity derivative
would be small.

)

VASULTS AND DTSCUSSION

Static Longitudineal Characteristics

The 1i£t, drag, and pltching-moment coerficients for the various
model configurations with the wing on sre presented in figure 5 and the
correspondirg data for the fuselage alone and with the X-tail are given
as Tigure 6. The results for the wing-on configurstions show that a
small velue of 1lift ccefficient was obtained at a = 0°. Part of this
velue is due to the loed cerried on the wing as a result of the wing
profile used and its orientation relative to the fuselage axis. (See
figs. 2 and 3.) The 1lift results of figure 5, in addition, indicate
that adding tip stores to either the wing-fuselage or o the wing-
fuselage-tail conmbinstior increased the lift-curve slcpe of the
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configuration by about 10 percent. The addition of tip stores also pro-
vided a smsll change in the slope of pltching-moment coefficient with
angle of attack in the low angle-of-zttack range. Some additional wind-
tunnel informetion for a geometrically similar configursation in the Mach
number range 0.50 to 0.92 showing the effects of propeller operation is
evailable in reference 6.

Steady-Roll Ckaracteristics

Tail contribution.- The veriation of the steady rolling derivatives
Ggp, Cn,, and Czp with angle of atteck for the various model config-

uretions with the wing on are presented in figure 7. The corresponding
date for the fuselage alone and fuselage-tail combination are presented
in figure 8. The tail contributions due to steady roll for the various
configurations are presented in figure 9 and were obtained by subtracting
the values of the derivatives for the itail-off configuration from the
corresponding teil-on configuration.,

The wing-off teil contribution to the damping in roll shown in fig-
ure 9 is severel times larger than thet produced by a conventional
vertical- and horizontal-teil group. This result is to be expected for
the present X-tailed model because of the large velues of the ratios of

tail span to wing span (%? = 0.63) and total tail area to wing ares
q—= (O 9 -
Sw

Of particulsr interest in figure 9 are the differences between the
curves for the wing-on and wing-off configurations. These differences
are the combined effect of wing and wing-body interference and represent
the change in the effectiveness of the tail caused by the addition of the
wing to the fuselage-tail conbinstion. The largest differences in the
low angle-of-gttack range between wing-on and wing-off curves for the
date in figure 9 were obtained for the damping in roll. The effect of
adding the wing to the fusel=zge-tail combination on the X-tailed contri-
bution to the damping in roll, in generzl, was to reduce (that is, CZP

becomes less negative) the tail contribution to about one-third of the
available wing-off values for angles of atteck up to gbout 10°. In the
low sngle-of-attack range the addition of the wing provided no change in
the leteral-iorce derivative but did indicate a change in Cnp- This

change corresponds, of course, to a rearward shift in the tail center of
pressure. In general, these results appeared to apply whether the tip
stores were on or off. There would appear to be some reservations con-
cerning the actual magnitudes of the rearward center-of-pressure shift
and the reduections in Clp indicated on figure 9 as a result of the

scatier shown for the data in figures 7 and 8.
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The results of reference 1 indicated that the effect of adding an
unswept wing on the contribution of a vertical- and horizontal-tail
group to the steady-roll derivatives was 1o provide a change in CY?

and Cnp with a negligible change in Clp' For the present X-talled

model in the low angle-of-zttack range the reduction in the tail contri-
bution to CZp with no effect on CYr due to the addition of the wing

is attributed to the arrangerent and size of the tail surfaces.

Effect of stores.- The primary effect of the stores, as would be
expected, was on the wing contribution to the steady-roll derivatives.
(Bee fig. T.) The results indicated that adding tip stores to the wing-
fuselage or wing-fuselage-tail conbination provided a large Ilncrease in
the dermping in roll for engles of sttack up to about 8°. In general,
above gbout 8° to an angle of attack near meaximum 1lift (o = 15°), the
magnitude off CZP with the stores on was less than the corresponding

configuration with the stores off. Reference 7 indicates a simllar
trend due to stores of decressed damping in roll with an increase in
angle of attack. The megnitude of the increase in Czp at o= 0° due

to the addition of the stores expressed as = percentage of the value of

the store-off configurestion is in agreement with the vealue predicted by

the expression in reference 8. The addition of the wing-tip stores also
provided rather large Increases in the slope of the latersl force deriv-
etive with o st low angles of attack for configurations with and with-
out the X-tail and little change in the yawing-moment derivative Cnp.

Angularity Measurements

The reduction in the tail contribution to the damping in roll with
little change in the lateral-force derivative when the wing or wing-tip-
store combination was sdded to the fuselage-tail configuration (fig. 9)
is indicetive of =z chenge in the spanwise load distribution =zecross the
taell. Therefore, & flow-angle survey across the positions occupied by
wwo surfaces of the x-tail was made for the fuselage-alone, the wing-
fuselage, and the wing-fuselage-store configurations. The results are

presented in figures 10 and 11 in the form of —éE%— which is the rate
5 2w
2v

of change of the locel angle of attack of any stetion on the tail with
wing-tip heliix angle. TFigure 10 gives the variation of the local tall
angle (or flow engularity) derivetive with model angle of ettack for
ezcn of the stations investigated and figure 11 shows a cross plot of



NACA RM 15621 9

dat
X Dby
an
2v
of sttack of 0°, 4O, 8°, and 12°,

the svanwise distribution of across the teil surfaces for angles

In addition to the measured data, a curve representing the variation
dat,
d pbw

2v

of the yaw head if the model were removed is shown in figures 10 and 11.
The curve was included mzinly for compzarison with the fuselage-alone data.
A comparison of the two curves at the large values of ¥y should provide
an indication of the overall accuracy of the test deta. The difference
between the curves would, of course, be the combined result of a nurber
of factors; however, the main contributors would be the accuracy of the
flow~angle measurements and the accurecy with which the rotor equipment
at the entrance to the test section reproduced the rolling flow over the
area surveyed. The comparison would be expected to be valid only at the
lerge values of y since, for the inboard stations tested, such as
values of y of 3 or 4 inches, for exemple, the fuselage and mcdel sup-
port strut would be expected to modify the resulis. When all factors

are considered, the agreement shown is reasonsbly good.

of that would be expected in perfect roliing flow at the location

A comparison of results shown in figure 10 for wing-on and wing-off
configurations at each spanwise station indicates that the effeect on the
flow-angularity aerivative of adding the wing or wing-store combination
to the fuselage is to vprovide egbout a constant change in the derivative
(across the tail span) in the low esngle-of-sttack range. It should be

pointed out that the local sngle of attack of the teaill @y was defined

es positive for both surface A snd B when a posgitive 1lift component was
produced. As a result, a positive value of the derivetive for surface B
is necessary to produce damping in roll, wheress a negative value of the
derivative for damping in roll is necessary for surfzce A. In the low
angle-of -attack range the date of figure 10 indicate that the eiffect

of adding the wing changed the angularity distribution so as to reduce
the damping in roll contributed at every spznwise station investigsted.
This fact is more apparent in figure 11 which presents the spanwise dls-
tribution of the flow-angulerity derivative.

An exemination of figure 11 shows that for the model at zero angle
Ba.{-,
Db,
2V
configurations over the inboard half of surfaces A and B. As the angle
of attack of the model was increased, the spanwise position of this sign
reversal shifted outboard for tail B until, at angles of attack of 12°

of attack a reversal in the sign of occurred for the wing-on
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and above (see also fig. 10), almost the complete tail surface produced
& moment about the body zxis in the direction of roll. XFor surface A,
however, increasing the angie of attack of the model shifted the span-~
wise location of the sign reverszl on a:% inbogrd end at higher angles
ST
of attack eliminasted the sign reversel completely. (See also fig. 10.)
Of additionel interest in figure 11 is the fact that, at a = 12°, the
values of the engulerity derivetlive for tsil 3 over the inboard portion
of the surface for the wing-on configuration reached megnitudes slmost
twice as large as the magnitudes of the flow-angle derivative that would
be obtained at the tip of tne wing. These lerge negative values appear
to be associated with sevsrated flow from the wing. For example, the
data of figure 10 for the inbosrd portion of tail surface B indicate that
a lerge cnange in the angularity derivative for wing-on values occurred
at o = 10°. These changes were associated with abrupt negative shifts
in the velue of oy &t zero roll and large losses in dynamic pressure

which indicate, of course, separsted flow.
CONCLUSIONS

The results of an irvestigation to determine the combined effect of
wing and wing-body interference on the tail contributions to the low-
sveed rolling stebility derivatives of an X-tall model and to indicste
the change in the flow-angularity distribution due to steady roll across
the tezil surfaces for one-half of the X-tail indicate the following
conclusions:

1. The magnitude of the tail contribution to the demping in roll of
the complete model was about a third of the sveilable wing-off value for
angles of atteck less than 10°. In the low engle-of-sttack range the
additiorn of the wing prcvided no ckenge in the tail contribution to the
lateral-~force derivative due to roll but indicated & rearward shift in
the tail center of pressure. These resulis appeared to apply equally
well for configurations with or without tip stores.

2. The spanwise distribution of air-flow angularity at the tall due
to steady roll for the wing-on configurations at zero angle of attack
indicated thet the outboard half of each of the two surfaces investigeted
produced damping in roll wherees, for the inboard half, the air-flow
angularity produced moments in the direction of roll. The two tail sur-
faces investigated were the lower left and upper right when the model
is viewed from the rear.
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3. Increasing the angle of attack for wing-on configurations in
steady roll shifted the spenwise position for the sign reverszsl on the
flow-engularity derivative in = direction inboard for the lower left
tall surface and outboard for the upper right tail surface.

k., The addition of wing-tip stores to the wing-fuselage confilguration
with and without the X-tail increased the lift-curve slope, the damping
in roll at low angles of attack, and the latersl-force derivative due to
roll.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronsutics,
lLangley Field, Va., August 31, 1956.

n
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TABLE I.- GEOMETRIC CHARACTERISTICS

Fuselage:
Tength, Iin. . ¢« ¢« ¢« ¢« ¢ ¢ o« o « = o o @
Fineness ratio « v o v« ¢ 4« « « o o o o ¢ o

Wing:
Aspect ratio ¢« ¢« ¢ ¢ ¢ « o 4 2 o s o o 4 o @
Taper ratio . ¢« ¢« ¢ 4 o ¢ ¢ @ ¢« ¢ o « &
Quarter-chord sweep angle, deg . . . « « . .
Airfoil section . ¢« ¢ ¢« ¢ ¢ ¢« o « « ¢ s o .
Airfoil section thickness, percent . . . . .
Area, sg in. . . « < ¢« 4 4 .t 4 4 4 s e e oo
Span, INe « & ¢ ¢« o o = o o ¢ o s =« o o« =« =«
Mean aerodynemiec chord, in. . . . .« « . . .

One-helf of the xX-tail:
Aspect T'8T10 ¢ v« ¢ ¢ o o ¢ o ¢« e & = o & o
Taper ratio . ¢ ¢ ¢ ¢ ¢ o e ¢ ¢ ¢ = « o « «
Quarter-chord sweep angle, deg « « « « o« « =«
Alrfolil section . . . « ¢« ¢ ¢ ¢ ¢ o « o « &
Airfoil section thickness, percent . . . . .
Area, 5@ In. « ¢ ¢ ¢ @« 4t e 4 e e 4 e e e .
Spen, from tip to tip, in. . . . . . < <« . .
Mean serodynamic cnord .« « « « « 2 « « o o &
Tail length, ¢, in. « + ¢« « « &« ¢ & ¢ ¢ o &

Store:
Iength, In. . . ¢ « &« &« & & ¢ ¢ ¢« « & o « &
Fineness ratio « ¢ ¢ ¢ ¢ ¢ « o o ¢ « ¢ o« « «

13

OF THE MODEL

R 5
« e ... 6.4k

e« e« o 3,07
« « o« o« 0.33
« -« .. 5.66

. « » Modified flat plate

Approximately 6
« o s .« 35475
e o o« « « 33.00
.« e . . . 11.65

« 4« e o« 3.55
e« + . . 0.38
« « « « « 350.00

¢« « « Modified flatl plate

Avproximately 6
e« « . 121,68
. . .« .« « 20.80
e « s .. 6.25
e o« . < 16,01

.« « . . o« 16.80
. e e .« 9.34

48
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=

Figure 1.- Systexr of axes used.

=

9.7

inéicate iti irecti .
Arrows incdicate positive directioas
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Figure 2.- A drawing of the complete X-tail model. All dimensions are in
inches.
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Profile of wing

B c “w 2
| w2 T F!
7 {:ig - — - e = T ¥ f
T Y— t/2 f/3—f
/ Ordinates of fuselage in inches
X r X r
o o /1.90 3./0
02 20 | 13.4/ 3.20
X 09| 401500 | 323
l l 38 80 | 16.00 325
I —= | sz rwlzxo | 32

93 1.20 } 27.00 322
1.34 /.40 | 28.00 3./0
.86 1.60 | 29.00 2.93

2.5/ 1.80 | 30.00 2.79
3.34 200 | 32.00 249
4.37 2.20 | 34.00 2.2/
5.67 24! | 3600 /.92
7.3/ 263 | 3800 /.63
9.34 2.85 | 4000 /.34
| 1055 298 | 4200 /.05

Profife of X laif

Gt
— .60c, A——ajnf A0cy

I — —
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Figure 3.- Details of the wirg and tail prcfiles and a table of ordinates
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Figure 4.~ Rear view of the X-tall model shown at a slight angle of side-
slip in the 6-foot-diameter rolling-flow test section of the Langley [

stability tunnel.
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